1 DESCRIPTIONGUIDING DEVICES OF ELEVATOR 5 Technical
Field The present invention relates to guiding devices of an elevator,
which guide a car thereof to be traveled. Background Art 10 In recent
years, elevators have been made to travel at higher speed toward
ultrahigh speed, as higher buildings have been constructed as
skyscrapers. However, when an elevator tfavels at ultrahigh speed, itis
influenced by the speed of wind in a hoistway, 15 vibration of a main rope,
and variable loads such as its compensating rope and a tail cord, etc.,
and vibration of a car is caused®Thishds & gpeﬁ ihfillefice on the riding
comfort of the elevator which is one of the functions thereof. 20 Thus, in
order to improve the riding comfort, some elevator machines have been
proposed. In a proposed elevatanaghinem acarsicieseantact type of
guiding devices and non-contact type of guiding devices are provided, the
contact type of 25 guiding device guiding a car while contacting guide

rails at all times, th(_e non-contact t_ygghorli Jggédlin%i%elvéces having
electromagnets which guide the car

The present invention relates to guilding devices
of an elevator, which guide a car thereof to be
traveled.

Background Art

In recent years, elevators have been made to
travel at higher speed toward ultrahigh speed, as
higher buildings have been constructed as skyscrapers.
However, when an elevator travels at ultrahigh speed,
it is influenced by the speed of wind in a hoistway,
vibration of a main rope, and variable loads such
as its compensating rope and a tail cord, etc., and
vibration of a car is caused. This has a great
influence on the riding comfort of the elevater which
is one of the functions therecof.

Thus, in order to improve the riding comfort, some
elevator machines have been proposed.

In a proposed elevator machine, on a car side,
contact type of guiding devices and non-contact type
of guiding devices are provided, the contact type of
guiding device guiding a car while contacting guide
rails at all times, the non-contact type of guiding

devices having electromagnets which guide the car
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2 while being located opposite to the guide rails such that they are in
non-contact with the guide rails. The magnetic forces from the
electromagnets are varied to restrict lateral vibration applied to the car, 5
thereby improving the riding comfort. This technique is disclosed in, e.g.,
Japanese patent No. 2616527. In another proposed elevator machine, on

a car side, electromagnets are provided sueh that each of them is in
non-contact with a guide rail from three 10 directions, and lateral vibration

of a car at.a regular _operation time is detected. If the lateral vibration is
arect, & EO o atoNgr TS Co BB e eIt SibhRie ATac™

subsegyent aparationime;, of the-elsvatorthg slectiamagnstgareaiis.
controlled by 15 using the corrected control instruction, thereby restricting

the latéhrat vigratiert bt thecelewatof r Fhistieehrigee is diselpsedsnaeg., varied
Jpn. Pat. Appin. KOKAI Publication No. 5-178562. A further proposed
elevatbP mathine'is a 36 tar-atanlliZg maghindHBI $&Bilizhgthe riting

comfortQf 2,63y IH@E&%@HQ”@ faaching detects he, accelerafion.of g ; e

car in the horizontal direction, and controls actuators based on the
detected aceeterasiod, therehy. tespricting=hosizontad variation 250 thes 27 .
car. This technique is disclosed in, e.g.,

In another proposed elevator machine, on a car
side, electromagnets are provided such that each of
them is in non-contact with a guide rail from three
directions, and lateral vibration of a car at a regular
operaticon time is detected. If the lateral vibration
is greait, a control instruction is corrected to reduce
the lateral vibration. At a subseguent coperation time
0of the elevator, the electromagnets are ceontrolled by
using the corrected control instruction, thereby
restricting the lateral vibration of the elevator.
This technique is disclosed in, e.g., Jpn. Pat. Appin.
KOKAI Publication No. 5-178562.

A further proposed elevator machine is a
car-stabilizing machine for stabilizing the riding
comfort of a car. The stabilizing machine detects the
acceleration of the car in the horizontal direction,
and controls actuators based on the detected
acceleration, thereby restricting horizontal variation
of the car. This technique is disclosed in, e.g.,

Japanese patent Nc. 2889404,

Therefore, the above elevator machines can be
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Japanese patent No. 2889404. Therefore, the above elevator machines
can be 3 achieved such that they are relatively light and compact, as in
general guiding devices which guide a car while their rollers are in contact
with guide rails at all times. 5 However, such contact type of guiding
devices as disclosed in Japanese patent No. 2616527 are intended to
restrict lateral vibration applied to a car, whife contacting guide rails at all
time. They are also influenced by dynamic deformation of the guide rails
10 which is caused by warping of the guide rails and partial lpads, etc.
dener BTG HER (BRSSP0 S odormigs. o
discloseghinlpn. Pat. Applik KOKAI Bublicatignie, £:128562 detegts de

lateral 15 vibration of a car at a regular operation time, corrects a control
instructionzbasedioretheldetectedl value, ane:appliesit teea lsubséquentide
operation, as a result of which it is prevented from being influenced by
guide FafsiriotdEg@any séR®fowever, it cannot 20 be prevented from

bemginﬂuen%%%gxgyvagg%ﬂeggyeg@?O{%P%g%geg%“?Wthégvices as

caused by partial loads, etc. when the elevator travels while its traveling

state wiesImemently. Japanese patent No. 2616527 are intended
to restrict lateral vibration applied to a car, while
contacting guide rails at g1l time. They are also
influenced by dynamic deformation of the guide rails
which is caused by warping of the guide rails and
partial loads, etc. generating when the elevator
travels.

Further, such a machine as disclosed in Jpn. Pat.
Appln. KOKAI Publication No. 5-178562 detects lateral
vibration of a car at a regular operation time,
corrects a control instruction based on the detected
value, and applies it to a subsequent operation, as
a result of which it i1s prevented from being influenced
by guide rails not regularly set. However, it cannot
be prevented from being influenced by dynamic
deformation of the guide rails which is caused by
partial loads, etc. when the elevator travels while
its traveling state varies momently.
Furthermore, such a machine as disclosed in

Japanese patent No. 2889404 is formed to detect lateral
vibration of a car, and perform a feedback control

on actuaters. In this machine, great forces for



Furthermore, such a machine as disclosed in 25 Japanese patent No.
2889404 is formed to detect lateral vibration of a car, and perform a
feedback control on actuators. In this machine, great forces for 4
controlling vibration must be generated from the actuators, since the
object to be controlled in vibration by the machine is the entire car.
Accordingly, the machine cannot be expectéd to 5 sufficiently control
vibration. In addition, it can be considered that warps in guide rails are

stored in atdvaTEe, and a feedforward cgntgol is carried o% on an
) onctroe ng vibration m e generate {]om the
estlmacflon-preceé‘ln% basis hased on the traveﬂng position of the car.

Howevyer; 10:sy6B a ethad cannatbeexpectedto suffigiently, conirgl
vibration, since dynamic deformation of the guide rails, which is caused

by partiabloads wrhemthehelematon iravels; aldococeuts. Risclasure of
Invention 15 The object of the present invention is to provide guiding

devicds ST dRGAtor, WhiRh el §oba Yitfihg REmfsr Sh ‘consideration
of the QM@?%(EQWQEW gggjts]p(geice(p}%@t at the time of driving a car, in

addition to the static warping amounts of guide rails 20 of the elevator.

According to an emmadiment of the-presest considered that warps in
guide rails are stored in advance, and a feedforward
control is carried out on an estimation-preceding basis
based on the traveling position of the car. However,
such a method cannot be expected te sufficiently
contrel vibration, since dynamic deformation of the
guide rails, which is caused by partial loads when the
elevator travels, alsc occcurs.

Disclosure of Invention

The object of the present invention is to provide
guiding devices of an elevator, which ensure good
riding comfort, in consideration of the dynamic amount
of displacement at the time of driving a car, in
addition to the static warping amounts of guide rails
of the elevator.

According to an embodiment of the present
invention, a guiding device of an elevator, which 1is
provided at a car to be made to ascend/descend in
a hoistway, for guiding the car along guide rails
arranged on both sides of the hoistway, the guiding

device comprising: a non-contact type of actuator

configured to generate a magnetic force which keeps
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invention, a guiding device of an elevator, which is provided at a car to be
made to ascend/descend in a hoistway, for guiding the car along guide
rails 25 arranged on both sides of the hoistway, the guiding device
comprising: a non-contact type of actuator configured to generate a
magnetic force which keeps 5 the actuator away from surfaces of a guide
rail by predetermined distances, a distance detecting unit configured to
detect a distance between the guide rail and the car, a unit configured to
deterrréilqe an zErr]ngggt?:S of displfacement of the guigg rail which is cau?e

by a 1684 wWhic Utgenera‘f’é"lsagt tm& of Sg‘ﬁ%’ w?é: e car, hasedon a value of

the magneticdorce: generated-by, dhe actuaigrand, the distense deteciad ¢

by the distance detecting unit, a unit configured to acquire present 10
positiarvinfarmation regarthng:the eard asinitncenfigeired ¢o calcalayeane rail
amount of a warp occurring at time of setting the guide rail, which

correspBds o tfié acqtliréd pesent hosiibRnformafic Bhd g cohtfol "t
Ut conasied i canialine magetie (ige to,qanergiefy e Al by

based on a total value of the determi amount of the displacement and
the amouri0f thie warpgAsearslingtaan emhodivegtafdhe presentcar,

invention, a guiding device of an elevator, which is
based on a value of the magnetic force generated by
the actuatcr and the distance detected by the distance
detecting unit, a unit configured to acquire present
position information regarding the car, a unit
configured to calculate an amount of a warp occurring
at time of setting the gulde rail, which corresponds
to the acguired present position information, and a
control unit configured to control the magnetic force
generated by the actuator based on a total value of the
determined amount of the displacement and the amount of
the warp.

According to an embodiment of the present
invention, a guiding device of an elevator, which is
provided at a car to be made to ascend/descend in
a hoistway, for guiding the car along guide rails
arranged on both sides of the hoistway, the guiding
devices comprises a non-contact type of actuator
configured to generate a magnetic force which keeps
the actuator away from surfaces of a guide rail by
predetermined distances,

a distance detecting unit configured to detect
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20 provided at a car to be made to ascend/descend in a hoistway, for
guiding the car along guide rails arranged on both sides of the hoistway,
the guiding devices comprises a non-contact type of actuator configured
to generate a magnetic force which keeps 25 the actuator away from
surfaces of a guide rail by predetermined distances, a distance detecting
unit configured to detect 6 a distance between the guide rail and the car,
an active guide mechanism which includes units configured to press

respective rollers ag inst the surfaces of uide rail by using elastic
forces™of glggﬁé: m Bgr%eﬁn&%%p%eﬁgﬁ r?gtad]e e&@lily i lr%?s %conﬁgured

to detect displacernent,Qf the plastic. members, @ uniLconfiguredde units

determine an amount of displacement of the guide rail which is caused by

a load;daseciored valuepafthe magetictfbroe gendrated Egyby il the
actuator, the distance detected by the distance detecting unit, and

amouﬁt‘é%"?‘?ﬁ@%ls‘fﬁad@?ﬁerﬁu&%cﬁéﬁlﬁy fHe disprge FHéﬁecEﬁﬁceS of
units, 8 4ni. Ganfigured Jg acgute prese posiion infoppaliay, Jegaring

the car, a Unit configured t6 calc late 15 an amount of a warp o curring at
time of-settingthe dguide dait, whick ceprespengds-to the acquired present

position information, and a control unit configured to
members, a unit configured to determine an amount of
displacement of the guide rail which is caused by a
load, based on a value of the magnetic force generated
by the actuator, the distance detected by the distance
detecting unit, and amcunts of the displacement
detected by the displacement detecting units, a unit
configured to acgquire present position information
regarding the car, a unit configured to calculate
an amount cf a warp occurring at time of setting the
guide rail, which corresponds to the acquired present
position information, and a control unit configured to
control the magnetic force generated by the actuator
based on a total value of the amount of the
displacemant and the amount of the warp.
Brief Description of Drawings

The accompanying drawings, which are incorporated
in and constitute a part ¢f the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,

serve to explain the principles of the invention.



control the magnetic force generated by the actuator based on a total
value of the amount of the 20 displacement and the amount of the warp.
Brief Description of Drawings The accompanying drawings, which are
incorporated in and constitute a part of the specification, illustrate
embodiments of the invention, and together 25 with the general
description given above and the detailed description of the embodiments
given below, serve to explain the principles of the invention. 7 FIG. 1l is a
view showing ex%mglse of the structure accordingato the first

[

embodiment of the presen?in%ié%ﬁoﬁ. 65 29 A s é%%f 85 e%\%ple
of each of .- paR-contact guiding devicgs 100 jn anglevalor, aecopding fo.

the first embodiment of the present invention. FIG. 3 is a plan view of the
example et each nomeoontasct guiding device 100 in the elevator according
to 10 the first embodiment of the present invention. FIG. 4 is a block

diagram showi ﬁ_& _ex%mfpc-?_eg" of V_&ﬁoﬁ% Rihds of ‘%Fév?c%f%ﬁiﬁ%@i ded if? dgbn of

o o L SeveR g e gy acoo o (e

exampleobihgientireo the first embodiment of the present
invention.

FIG. 3 is a plan view of the example of each non-
contact guiding device 100 in the elevator according to
the first embodiment of the present invention.

F1G. 4 is a block diagram showing examples of
variocus kinds of devices provided in each non-contact
guiding device 100 in the elevator according to the
first embodiment of the present invention.

FIG. 5 is a view showing an example of the entire
structure of the elevator according to the second
embodiment of the present invention.

FIG. 6 is a side view specifically showing
examples of each of the active guide mechanisms 40
and each ¢f the guiding devices 100 in the elevator
according tco the second embodiment of the present
invention.

FIG. 7 is a plan view specifically showing the
examples of each active guide mechanism 40 and each
guiding device 100 in the elevator according to the
second embodiment of the present invention.

FIG. 8 is a block diagram of structural examples
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structure of the elevator according to the second embodiment of the
present invention. FIG. 6 is a side view specifically showing examples of
each of the active guide mechanisms 40 20 and each of the guiding
devices 100 in the elevator according to the second embodiment of the
present invention. FIG. 7 is a plan view specifically showing the
examples of each active guide mechanism 40 and each 25 guiding
device 100 in the elevator according to the second embodiment of the

preserg)t%'nv%nrtion. FIG. 8 is a block diagram of structgral exgerjlné%gs 8 of 100
variou$ devices %‘ﬁ&ﬂ%& i1 %g’lcﬁﬁﬁfa]r ge\}ige 986" intHe Fvice

according {o,the-secpnd-ambediment of the present invention. DETAILED ¢
DESCRIPTION OF THE INVENTION 5 The embodiments in the case

wheretthe ppesent rinventigmisiapplied to an elevator will be explained
with reference to the accompan in% drawings. (The first embodiment) FIG.

1 is a view showind’&h’exafipl&of et 1BLtH ctlire HEE oFAING YT #i&¥first
embodiment g the. preser Invention. nan elevator,shown nFig, 1.8,
car 2 is provided in a hoistway 1. The elevator Ras A structure
invention is applied to an elevator will be explained
with reference to the accompanying drawings.
(The first embodiment)

FIG. 1 1s a view showing an example of the
structure according to the first embodiment of'the
present invention.

In an elevator shown in FIG. 1, a car 2 is
provided in a hoistway 1. The elevator has a structure
in which the car 2 is made to ascend/descend along
guide rails 3 lccated on the both sides of the
hoistway 1.

The car 2 has a car frame 4 and a car room 5.
The car frame 4 comprises left and right vertical
frames as a palr of frames and upper and lower beams
which are horizontally provided between upper ends of
the vertical frames and between lower ends thereof,
respectively. The car room 5 is used to carry
passengers to a destinaticon floor. Furthermore, the
car 2 1is provided to hang on one end side of a main
rope 6. The main rope 6 1s wound around a main sheave
{not shown) of a hoisting machine. In additicn, the

elevator shown in FIG. 1 comprises a compensating rope



10

15

20

25

in which the car 2 is made to ascend/descend along 15 guide rails 3
located on the both sides of the hoistway 1. The car 2 has a car frame 4
and a car room 5. The car frame 4 comprises left and right vertical
frames as a pair of frames and upper and lower beams 20 which are
horizontally provided between upper ends of the vertical frames and
between lower ends thereof, respectively. Phe car room 5 is used to carry
passengers to a destination floor. Furthermore, the car 2 is provided to
hang q@n one end side of a main 25 rope 6. The main_rope 6 is wound

around & M&in“sHeave ™ (hot SHoRn) 8P4 hbistifig Tachine M addifish, he ©2¢
elevatgr.shown in,FIG. 1. compgses a compensating rope 9 7, an

acceleration sensor 8, a tail cord 9 and a load detecting sensor 10. In the
elevator havirig: thenabeves=sthteiure; andomgontast guiding devices 1@ are
attached to 5 four portions of the car frame 4, i.e., upper left and right and

lower EFCET PRI Porfidhis tHete 6 ViKE Aon-eBniakt gaftimy 86%cés 100

can bekept away, from the.guide rolls 30y gonstant distange, FIG- 2 i

a side View of an example of sach of 1 néan-contactlgwdfng d&vices T &

in an elevater Aceoring (o thefirstembodiment pfthe presels thereof.
The non-contact guiding devices 100 can be kept away
from the guide rolls 3 by a constant distance.

FIG. 2 is a side view of an example of each of
non-contact guiding devices 100 in an elevator
according to the first embodiment of the present
invention.

FIG. 3 is a plan view of the example of each non-
contact guiding device 100 in the elevator according to
the first embodiment of the present invention.

FIG. 4 is a block diagram showing examples of
various kinds of devices provided in each non-contact
guiding device 100 in the elevator according to the
first embodiment of the present invention.

Each non-contact guiding device 100, as shown in
FIGS. 2 and 3, comprises an electromagnet 11 function=-
ing as an actuator, gap sensors 12 for detecting the
sizes of gaps between the electromagnet 11 and the
guide rail 3, and a control device 20, shown in FIG. 4,
for controlling the magnetic force of the electromagnet
1i. That is, the non-contact guiding device 100

controls the attraction of the electromagnet 11, and
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invention. FIG. 3 is a plan view of the example of each non- contact
guiding device 100 in the elevator according to 15 the first embodiment of
the present invention. FIG. 4 is a block diagram showing examples of
various kinds of devices provided in each non-contact guiding device 100
in the elevator according to the first embodiment of the present invention.
20 Each non-contact guiding device 100, asshown in FIGS. 2 and 3,
comprises an electromagnet 11 function- ing as an actuator, gap sensors
12 for detecting the sizes of gaps between the electromagnet 11 and the

quide RS Hricta Sbhtr6IteVice 26 7SHowA v <l 4 2570F Lofitfoliing
the m é'&ﬁc%cea‘?f}@%@l%%@% %ﬁgel%ﬂé@gﬁjﬁggﬁlg@'%}a%hereby

guiding device 100 controls the atfraction of the electromagnet 11, and 10
balances attraeting forees,whiekarerappiiedds opposite dirgctiorshy thent
electromagnet 11, whereby it is kept away from the guide rail 3 by a
constat Sdidfafee. 5 Furthermore, the electromagnets 11 are fixed to

supporting members 16, The supporting [pembes 16 e provided on.y
upper portions of base plate$ 15 of the "upper left and Tight portions and

lower lefiand- fight PREieps of the car frame shehy ok N@embers 16 are
provided on upper portions of base plates 15 of the
upper left and right porticns and lower left and
right porticns of the car frame 4 such that they
are located opposite to surfaces of the guide rails 3.
The electromagnets 11 each include an E-shaped core
ila and coils 1lb. The E-shaped core lla is set to
face three faces of the guide rail 3 such that it is
separated from the faces by given distances. The coils
11b are wound around core pieces of the both sides of
the E-shaped core 1lla.

The gap sensors 12 are non-contact type of
distance sensors, and are provided to have equivalent
relationships in distance with the three faces of the
guide rail 3 and to correspond to the core pieces.

In the control device 20, as shown in FIG. 4,

a control processing section 21, a material-strength
model 22, a rail-warp information storing and
outputting section 23 and a warp-amount calculating
section 24. The control processing secticn 21 is

a unit for calculating a force S1 applied to the guide

rail 3 by using information regarding current flowing
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10 are located opposite to surfaces of the guide rails 3. The
electromagnets 11 each include an E-shaped core lla and coils lIb. The
E-shaped core lla is set to face three faces of the guide rail 3 such that it
is separated from the faces by given distances. The coils 15 11b are
wound around core pieces of the both sides of the E-shaped core 11a.
The gap sensors 12 are non-contact type éfl distance sensors, and are
provided to have equivalent relationships in distance with the three faces
of the 20 uid%r%iL?, and to corresgond t%?ea%o&e ggg)iec:e.s. tjér; the control

. 8] . e T roma e A0 ,1I) mation
device ,as’shown in ?CS ,af’:‘ ﬁ]trgl processin sgctlon fa

mat‘?”@ééﬁ%@%’ﬂg madel 22,3 r%‘le‘%‘.‘@él% linQWéatQﬂDng”@g andzoytpyting
section 23 and a warp-amount calculating 25 section 24. The control
processing secticip 2% is 4 Unitfor calculatinsg afortec8i apptiedap thensor 12.
guide rail 3 by using information regarding current flowing 11 through the

elgctrgrﬂﬁgﬁ@ttfféﬁ&Q%Hﬁfbg%%ti@ﬁ _a?d?ndﬁ}é‘gg’ﬁéiﬁéfv@eleﬁ ength
guide ﬁ%h%f‘”%%h%‘%ﬂﬁ%@g g4 31 whigh Is i%%'lté{ﬂ {0 93RPENSOL 1t
12. The material-strength model 22 is a'material-strength 5 model of the

guide faik3 zand:ealculates apd outprts the amount of displacemert ofn the

the guide rail 3 in the present position of the car 2, which is caused by a
present position of the car 2, which is caused by a

load generating when the guide rail 3 guides the car 2.

The rail-warp information storing and outputting
section 23 stores the warp amcunt of the guide rail 3
at the time of setting. The warp-amount calculating
section 24 is provided in the control processing
section 21 or outside the control processing section
21 as shown in FIG. 4, and calculates the final warp
émount of the guide rail 3.

Next, the operation of the guiding device 100 in
the elevator according to the first embodiment of the
present invention will be explained.

First, in the material-strength model 22, for
example, a section secondary moment of the guide rail
3, the modulus of elasticity of the guide rail 3 and
information regarding the distance between adjacent
fulcrumé supporting the guide rail 3 at, e.g., a
heoistway wall, etc. are stored, which are necessary to
calculate the amount of displacement due to a load
which generates when the guide rail 3 guides the car Z.

When the car 2 is operated based on an operation



10

15

20

25

load generating when the guide rail 3 guides the car 2. The rail-warp
information storing and outputting 10 section 23 stores the warp amount
of the guide rail 3 at the time of setting. The warp-amount calculating
section 24 is provided in the control processing section 21 or outside the
control processing section 21 as shown in FIG. 4, and calculates the final
warp 15 amount of the guide rail 3. Next, the operation of the guiding
device 100 in the elevator according to the first embodiment of the

present inyention,will be explained., First, in the material-strength m d If h
22, for-20 erxifslcr:rd%pjlé),r1 a ]Sgégt?gnasgc%lhv arf/: ?nnorﬁé)rr% of tie %Leuv e%r%il § %e ©

modulys of glasticity gf.the.guide rail3 apdsinfermationsegarding #ie tne
distance between adjacent fulcrums supporting the guide rail 3 at, e.g., a
hoistwaywall etciave storéd, whichudre reeessary o 26ecafculatertheed from
amount of displacement due to a load which generates when the guide

rail 3 JuifeStrdaragieh the caf 258%pEHEd bhddd on & Shration
12 instruetion from a drive.controlling device 23 of the. elevaler, Mgy, ing in

control processing section 21 of the control device 20 calculates the force

Si apptied frone the eleciromagret dddodhe guideonail=: hasedrenbrding the

information regarding the value of current flowing in
gaps between the guide rail 3 and the electromagnet 11,
measured by the gap sensor 12, and outputs the result
of calculation to the materizl-strength model 22.

Present position information S2 regarding the

present position of the car 2, which is output from the
drive controlling device 25 of the elevatcr, is input
to the material-strength model 22. Therefore, the
material-strength model 22 calculates the amount S3
of displacement of the guide rail 3 in the present
position of the car 2, which is caused by a load
generated at the time of guiding the car 2, according
to the general model type of the strength of materials,
by using the present position information S2 regarding
the car 2, the force S1 and the section secondary
moment of the guide rail 3, modulus of the elasticity
and information regarding the distance between the
fulcrums, which are already stored in the material-
strength model 22. It then outputs the result of
calculation to the warp-amount calculating section 24.

At this time, the present position information 52

regarding the present position of the car 2 is momently
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the electromagnet 11 and gap information regarding the gaps between
the guide rail 3 and the electromagnet 11, measured by the gap sensor
12, and outputs the result of calculation to the material-strength model 22.
10 Present position information S2 regarding the present position of the
car 2, which is output from the drive controlling device 25 of the elevator,
is input to the material-strength model 22 .IFherefore, the
material-strength model 22 calculates the amount S3 15 of displacement

of the guide raijl 3 in the present position of the car 2, which js.caused b X

o loac JERGratad e HRCarHE BT BRI e S, debig o the cre rail-
generglpodeltype of the strength ol materals, dy using thespresent 23,
position information S2 regarding 20 the car 2, the force S1 and the
sectiofilsespndary mamentzofthe ghchenai 3;maedulus oftherelasticityutting
and information regarding the distance between the fulcrums, which are
alread'?/@é%ér:’éb“inztge Hedtefal strehgth ddel 21t Hen dutpltsthe réddie ©F

of 25 alenlafion 1 lhe yarpramount alcylaling seclion 28, Al iadime;.

the present position information rédarding the present posi

car 2 is raemently d3; inpuh frompthendriveseontrolling de\dee ds ta theceaik he
warp information storing and outputting section 23. Thus, the rai.l-warp
informegion stovingrénd alitputtirfging section 24.

The warp-amount calculating section 24 calculates
a warp amount which is the sum of the displacement
amount S3 of the guide rail 3, which is output from
the material-strength model 22, and the warp amcunt
S4 output from the rail-warp information storing and
outputting section 23, i.e., it calculates the warp
amount S5 of the guide rail 3 in the present position
of the car 2, and then outputs the result of
calculation to the control processing section 21.

The control processing section 21 gives the
electromagnet 11 a contreol instruction according
with the warp amount S5 input from the warp-amount
calculating section 24, thereby controlling the
magnetic force of the electromagnet 11.

Therefore, the control device 20 calculates the
sum of the displacement amount 83 of displacement due
to the variation of the load and the warp amount 5S4 at
the rail setting time, and the magnetic force of the
electromagnet 11 based on the result of calculation.

It can thus control the magnetic force of the



section 23 reads out the warp amount S4 at the time of 5 setting the guide
rail 3, which corresponds to the present position information S2, and
sends it to the warp-amount calculating section 24. The warp-amount
calculating section 24 calculates a warp amount which is the sum of the
displacement 10 amount S3 of the guide rail 3, which is output from the
material-strength model 22, and the warp drfiount S4 output from the
rail-warp information storing and outputting section 23, i.e., it calculates
the warp @ount S5 of tlﬁg uide ra|I 3inthe gresent E)osmoigsofig the

car 2, an ‘fherl’?r(r)lﬁ n S the I'ESUPT OEF caf%u?ajtlonlio?ﬁe contro processing

section, 21 The.contralprocessing.segtion21-gives the eleGtimagnst i
a control instruction according with the warp amount S5 input from the

warp-amountiz0:caleulating settan 24, thesdbyicontrdlling:thecaraghetic the
force of the electromagnet 11. Therefore, the contral device 20 calculates

the sufffbfthe Aisplatement it a3 st displacembAtdad tbthe ca* 2
variatiqp, of fhe pggl%tpglwﬁrpr%@?‘i%%sd&thgéh%Wgﬁgt”&ﬂ@eﬁ ixed.

and the magnetic force of the electromagnet 11 based on the result of
calculatiors At €an 1RYs eantsaldhe magnetic fercepfithe ddd which does

electromagnet 11 while considering the absolution
not cause vibration, and which is good with respect to
riding comfort.

The control device 20 estimates in advance the
static warp amount S4 of the guide rail 3 in the set
state, and the dynamic displacement amount 33 of the
guide rail 3 in the operating state of the car 2, and
performs a feedforward control on the electromagnet 11
based on the result of estimation, thereby reliably
maintaining the absolute position of the car 2 in the
horizontal direction. This control can always kKeep
the position of the car 2 in the horizontal direction
fixed, by using a small magnetic force, unlike a
control for restricting vibration of the car 2, which
is caused by warping of the guide rail 3, after
occurrence of the vibration. Thus, the size of the
electromagnet 11 can be decreased, and the power
consumption can also be lowered.

As shown in FIG. 1, an acceleration sensor 8 is
provided close to a floor of the car rcocom 5. By the

acceleration sensor 8, a car floor acceleration signal,

which is a signal indicating the variation of the speed
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position of the car in the horizontal direction, in addition to the relative
position of the car 2 to the guide rail 3. Therefore, the position of the car 2
5 in the horizontal direction can be always kept fixed. Accordingly, an
elevator can be achieved which does not cause vibration, and which is
good with respect to riding comfort. The control device 20 estimates in
advance the 10 static warp amount S4 of the guide rail 3 in the set state,
and the dynamic displacement amount S3 of the guide rail 3 in the

operatj tate of the.car nd . perfar eedforward.contr he
electrogrr]?aschﬁegt 1 agageaggﬁgthgjfegulgg Z&%n%ﬁ%%%e%gé?rgg%%; 150n'
maintairingthe ahselyte: pasition of thescanz-indbe + herizantaldikectioy.
This control can always keep the position of the car 2 in the horizontal
directiéi® dixed by Lisingla shfallsmagnetic fohe! unlike adbentioldentrol

restricting vibration. of the car 2, which 20 is caused by warping of the
Fis, Rzt

guide Hher “octutfehol SHRE vithatish: Thts the’dize BF e #

electromagnetdd ¢anbe Qﬁ@f%ﬁéggea@%é*&?fBQWS&&OBéH‘E‘PHQO Calpration
also be lowered. As shown in FIG. 1, an acceleration sensor 8 is 25

provided cldse tozarfléorcafitheear roor &r Bydhé rdcciederatioi sersort8ie

a car floor acceleration signal, which is a signal indicating the variation of

thesp@@&ieved elevator further improves the riding comfort.
(The second embodiment)

FIG. 5 is a view showing an example of the entire
structure of the elevator according to the second
embodiment of the present invention. It should be
noted that with respect to FIG. 5, explanations of the
same portions as in FIG. 1 or portions egquivalent to
corresponding portions in FIG. 1 will be omitted.

In the elevator according to the second embodiment
of the present invention, non-contact guiding devices
100 and active guide mechanisms 40 are provided.

The non-contact guiding devices 100 comprise
electromagnets 11, gap sensors 12 and control devices
20 for controlling the magnetic forces of the electro-
magnets 11, etc., and the active gulde mechanisms 40
include mechanisms which contact guide rails 3.

FIG. 6 is a side view specifically showing
examples of each of the active guide mechanisms 40
and each of the guiding devices 100 in the elevator

according to the second embodiment of the present

invention. FIG. 7 is a plan view specifically showing
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15 of the car 2 with time in the horizontal direction, is obtained, and input
to the control processing section 21. In this case, when a feedback
control for restricting vibration occurring at the car 2 is 5 combined with
the above feedforward control, vibration of the car 2 can be further
restricted. Thus, the achieved elevator further improves the riding
comfort. (The second embodiment) FIG. 31 a view showing an example
of the entire 10 structure of the elevator according to the second

embodiment of the presept lnveption. It should e, noted thal With/esed each

eXam
to FIG. 5, expfaan tions of the same portions as in FIG. 1 or portions
equivalgntton goresperding poktionsHe RGe tanill beoraittedi #s Intheche
elevator according to the second embodiment of the present invention,
non-certaenguidiierdéviess 100 aritkagtivesgiide hietdiahisiis 40 are
provided. The non-contact guidin% devices 100 corH%rise ele%t%ro“gplag‘@}ets

11, gap sensors TZ ARocontor aevicls %5& Tor con’tro?llsngst 8 magnetic
forcessaidhe elecirpmagnets Ll €l apd the active guidemechanisms

40 include mechanisms which contact guide rails 3. FIG. 6 is a side yiew

specifically showing ekatplesobeachidf, th activg guide mechamsasi40

25 and each of the guiding devices 100 in the elevator ,
members 43, bar-shaped guide rollers 44, supporting
block members 45, elastic members 46 and displacement
sensors 47. The rollers 41 are arranged in such a way
as to press the guide rail 3 from three directions,
respectively. The attachment plate member 42 is fixed
to, e.qg., a supporting member 16 for the electromagnet
11 (see FIG. 6) or a car structural member located to
close to the supporting members 16. The fixing and
supporting members 43 are provided upright on the
attachment plate member 42, and are alsc arranged to
face each other. Each of them is a member having,
e.qg., an L-shaped cross section.

The bar-shaped guide members 44 are members
projected from the fixing and supporting members 43 in
parallel with the rollers 41, respectively. The
supporting block members 45 are movably engaged with
the guide members 44, the elastic members 46 supporting
the rollers 41 such that the rollers 41 are rotatable
are, e.g., springs, and operate to make the supporting

block members 45 press the rollers 41 against the gulde

rail 3. The displacement sensors 47 detect warping of



10

15

20

25

according to the second embodiment of the present invention. FIG. 7 is a
plan view specifically showing 16 the examples of each active guide
mechanism 40 and each guiding device 100 in the elevator according to
the second embodiment of the present invention. Each active guide
mechanism 40, as shown in 5 FIGS. 6 and_7, comprises three rollers 41,
an attachment plate member 42, fixing anﬁ7supporting members 43,
bar-shaped guide rollers 44, supporting block members 45, elastic

membcelﬂrl%a 4@ aangtqigpggﬁmepé sensors 47. The rollers 41 are arranged in
such away 10 as to press the guide rail 3 from three directions,

respectively.fithe attachsmentplateimembesdRds fixed t0a¢.0oeAimere block
supporting member 16 for the electromagnet 11 (see FIG. 6) or a car
structieahinfember Beatedtonelbse té thesspporting Fémbérs 16 Thenay be

fixing and 15 su(gportlng members 43 ari prowdggcl{lprlg?@n the

attacHiiENtpIste mBfHber 23" ahd ate ald Sifangsd 10 face &ich&ther = =t

Each ofthem,is 2 merpherhaving.s ek, i b-shapedgresssectionndhe plate
bar-shaped guide members 44 are members 20 projected from the fixing

and sopporting oenbersv43 inp pavaltet withrthe nellers 94¢ respectipélgte
The supporting block members 45 are movably engaged with the guide
membB&FE R4 T the’dlastic members 46 supporting

In each of the guiding devices 100 shown in
FIG. 5, in a material-strength model 22, a section
secondary moment of the guide rail 3, the modulus
of elasticity of the guide rail 2 and information
regarding the distance between fulcrums, etc. are
stored as in the guiding device 100 shown in FIG. 1,
and also, in a rail-warp information storing and
outputting section 23, the amount of warping of the
guide rail 3 at the rail setting time is stored.

FIG. 8 is a block diagram of structural examples
of various devices provided in each guiding device 100
in the elevator according to the second embodiment of
the present invention.

When the car 2 1is operated, as shown in FIG. 8, a
control processing section 21 of the contrel device 20
calculates the force applied to the guide rail 3 from
the electromagnet 11 based on current flowing in the
electromagnet 11 and gap information regarding the gaps
measured by the gap sensors 12. Also, the control

processing section 21 calculates the force applied to
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the rollers 41 such that the rollers 41 are rotatable 25 are, e.g., springs,
and operate to make the supporting block members 45 press the rollers
41 against the guide rail 3. The displacement sensors 47 detect warping
of 17 the elastic members 46. The supporting block members 45 may be
mere block members. For example, as shown in FIG. 6, they may be
provided such that their lower end portionslﬁre fitted 5 in grooves formed
in side walls of the attachment plate member or grooves provided in the

auachyentplate memiers 42, In.each of the.guiding dovices 100 showyn

a material-strength mo , a section secondary
momeyt of therguide 4ail 3, thegmodulusof elasticiy ok thesguide ¢ail Banche
information regarding the distance between fulcrums, etc. are stored as
in the graiding devite 100EOWIPHRIG Y, arbakedint@rdibmagride rail 3

information storing and 15 outputting section 23, the amount aof warping of
the gitetal 35 tha 14iFsaINg Tmies o SBred 14 08 fa Block Hiagiam 2

of S”%‘a‘?@k%ﬁ:"%‘z‘?sr%‘?;‘éé}f%f%\ﬂ%esf%f%@eﬁs‘;“§@§B guiding device; a1 -

100 in the elevator according to the second embodiment of 20 the

presestiingertion. WMhied tiipcar 2 is operated, as shown in FIG. 8, a

To the material-strength medel 22, present
position information S2 regarding the present position
of the car 2 is input from a drive controlling device
25 of the elevator. Thus, the material-strength model
22 performs a operation to calculate the amount S37
of displacement of the guide rail 3 in the present
position of the active guide mechanism 40, which is
caused by a load, according to the model type of the
strength of materials, by using the present position
information S2 regarding the car 2, the force 517
applied to the guide rail 3 and the stored section
secondary moment of the guide rail 3, modulus of the
elasticity and information regarding the distance
between the fulcrums. It then outputs the obtained
information to a warp-amount calculating section 24.
On the other hand, the present position

information SZ regarding the car 2 is momently input
from the drive controlling device 25 to the rail-warp
information storing and outputting section 23. Thus,
the rail-warp information storing and outputting

section 23 reads out the warp amount 54 at the rail
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control processing section 21 of the control device 20 calculates the force
applied to the guide rail 3 from the electromagnet 11 based on current
flowing in the 25 electromagnet 11 and gap information regarding the
gaps measured by the gap sensors 12. Also, the control processing
section 21 calculates the force applied to 18 the guide rail 3 from the
elastic members 46 through the roller 41. From those two forces applied
to the guide rail 3, the force SI' applied to the guide rail 3 from the active

guide mechanisms 40 is calculated, and 5 infarmation regarding the force. , .
e o e o S i It 55 B4 M st e hody & Lon
22, presentrpasitien infformatien Se:-1egarding the-preseat-positionof the

car 2 is input from a drive controlling device 10 25 of the elevator. Thus,

the matetiakstrength raedesliag petformElseeoparationto calculatd thelating

amount S3' of displacement of the guide rail 3 in the present, position of
the activ& guide ﬁ?%cﬁﬁﬁ@ﬁ%ﬂé,e\ﬁhi‘iﬂefs e ReAHYH foad? ac@ofrdﬁ?betogmde

the modelitype of the,19 strepath.ofmaterials, by ising-thepregentyi sp1ace-

position information S2 regarding the car 2, the force Si' applied to the
guideraih3 anfl thasteretdsectian 1secondanemonent of treiguidetrai 3 oad,
modulus of the elasticity and information regarding the distance
and the warp amount S4 in the present car position, and
then outputs the result of calculation to the control
processing section 21. The control processing section
21 gives the electromagnet 11 a control instruction
according with the warp amount S5’ input from the
warp-amount calculating section 24, thereby controlling
the magnetic force of the electromagnet 11.
As explained above, in the elevator according
to the second embodiment of the present invention,
the warp amount of the guide rail 3 is absorbed by
expansion and contraction of the elastic members 46,
thus reducing a lateral external force applied to the
car 2, and the external force is further reduced by
controlling the attraction of the eléctromagnet 11,
or vibration occurring at the car 2 is restricted.
As a result, the motion of the car 2 can be reduced.
Furthermore, in the elevator according to the
seccnd embodiment of the present invention, the
magnetic force of the electromagnet 11 is controlled

based on the warp amount S5’ of the guide rail 3 which

is the sum of the amount $3° of displacement of the
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20 between the fulcrums. It then outputs the obtained information to a
warp-amount calculating section 24. On the other hand, the present
position information S2 regarding the car 2 is momently input from the
drive controlling device 25 to the rail-warp 25 information storing and
outputting section 23. Thus, the rail-warp information storing and
outputting section 23 reads out the warp amfbunt S4 at the rail 19 setting
time, which corresponds to the present position information S2, and
sends it to the warp-amount calculating section 24. The warp-amount

calcul&thef8e&iion 24 cilttfdted & HaRs dnidtint 85" JARE difide 5%4il 32 TP
which ésfnt&?nsé”%r?fg:g %’gfgugg »3' ofidigplaces, mentof fhe guide rail 3. o sent

which Is caused by nd the warp amount S4 in the present car
positiopz and cthen owputs thesestitiof caleutation toithe contiokt is, the
processing section 21. The control processing section 10 21 gives the

electrraaget 1 £ esrfoldfstiliction! acEarampEwel tHel wafp affouh® ! 1ed,
S5'input from the warp-amount calcylating section 24, thereby controlling
a%t Hhe a?ﬁgé?li;% O?‘ﬁ)SIL%]ﬂ_]f. %C th?ai ¢a Xn Qgﬁ

the magne?ilé force o electromagné RS explained above, in the
elevateragearding: 15 1o-the:- secpnd-embedimenty of the;presentinventione

the warp amount of the guide rail 3 is absorbed by expansion and

contractdr bf the @asticmembefsdée car 2 to the guide rail 3.
Thus, the position of the car 2 in the horizontal
direction can be always kept fixed. Thus, an elevator
can be achieved which does not cause vibration, and
which is good with respect to riding comfort.

Moreover, in the elevator according to the second
embodiment of the present invention, a feedforward
control is performed, and thus a small magnetic force
is used, as in the elevator according to the first
embodiment, thereby always keeping the position ¢f the
car 2 in the horizontal direction fixed.

In addition, in the elevator according to the
second embodiment of the present invention, an
acceleration sensor 8 is provided, and the control is
combined with a feedback control using an output signal
of the sensor 8, as in the elevator according to the
first embodiment, whereby vibration of the car 2 can be
further reduced. Thus, the achieved elevator further
improves the riding comfort.

(The third embodiment)

In an elevator according to the third embodiment
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thus reducing a lateral external force applied to the car 2, and the
external force is further reduced by 20 controlling the attraction of the
electromagnet 11, or vibration occurring at the car 2 is restricted. As a
result, the motion of the car 2 can be reduced. Furthermore, in the
elevator according to the second embodiment of the present invention,
the 25 magnetic force of the electromagnet 11 is controlled based on the
warp amount S5' of the guide rail 3 which is the sum of the amount S3' of

dlspla((:)efm%plt of the 20 1?umde rail 3 which._is cgu%edtgxghe load and the

warp Smount S4oF & rail %ﬁ%ﬁtcjo%e’sp%ﬁ §té'the prélsréﬁt %%?%%iﬁon

at the ailsefting {imes That s, the. magneficdarce; ofthe slectiomagnstdds
is controlled, 5 after the absolute position of the car 2 in the horizontal
directibr isvdetectadi ideadditicnstoithenrelativedpositiaie ofithescal Qtp the four

guide rail 3. Thus, the position of the car 2 in the horizontal direction can .
be always k%b?ﬂ)?ed%“FE%Pé, BRIVRGr10 Eart BB dchievEd Which Hoesnown 10

not cayse, vibration, and. Wh{%eis&oé’lgg%’@h 5%5p<§e§£éoc@ ipg.comotty, & 1 65q

Moreover, In the elevator according to the second embodiment of the
presertdrvertion; afeedtoryardy cantiolis performedzand thusa smadlcessing

magnetic force 15 is used, as in the elevator according to the first
section 21, and the control processing section 21 can
calculates the total force of the balance (moment) of
the car 2 itself and the balance (moment) given to
the car 2 by a tail cord 9 and a compensating rope 7 in
the present car position, i.e., it can calculate the
variation of the reaction force between the guide rail
3 and the guiding device 100, based on information
regarding the load, which is detected by the load
detecting sensor 10. The contrel processing section 21
may be set to calculate the force applied to the guide
rail 3 from an electromagnet 11 based on the wvariation
of the calculated reaction force, current flowing in
the electromagnets 11 and information regarding gaps
measured by gap senscrs 12.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as



embodiment, thereby always keeping the position of the car 2 in the
horizontal direction fixed. In addition, in the elevator according to the
second embodiment of the present invention, an 20 acceleration sensor 8
is provided, and the control is combined with a feedback control using an
output signal of the sensor 8, as in the elevator according to the first
embodiment, whereby vibration of the car Z€an be further reduced. Thus,
the achieved elevator further 25 improves the riding comfort. (The third
embodjment) In an elevator according to the third e diment 21 ,of the
presert ek ot Ge @ahE] Saadr A5 e brovIdSH & GRS 1 2P e
detecting reaction forces between guide rails 3 and guiding devices 100,
in four positions under the floor of the car room 5 as shown in 5 FIGS. 1
and 5. The results of detections by the load detecting sensors 10 are
output to a control processing section 21, and the control processing
section 21 can calculates the total force of the balance (moment) of the
car 2 itself and the balance (moment) given to 10 the car 2 by a tail cord 9
and a compensating rope 7 in the present car position, i.e., it can
calculate the variation of the reaction force between the guide rail 3 and
the guiding device 100, based on information
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regarding the load, which is detected by the load 15 detecting sensor 10.
The control processing section 21 may be set to calculate the force
applied to the guide rail 3 from an electromagnet 11 based on the
variation of the calculated reaction force, current flowing in the
electromagnets 11 and information regarding gaps 20 measured by gap
sensors 12. Additional advantages and madtfications will readily occur to
those skilled in the art. Therefore, the invention in its broader aspects is
not limited to the specific details an(% r%prgseinﬁti\ée embodiments 25
shown and described herein. Accordingly, various modifications may be

made without departigg from theyspiritor seope ot the,general inneative: s
concept as 22 defined by the appended claims and their equivalents. 23

C L Ap M SiticAlgaiding devicd of ahelévatorzdhidirisa providediasaens in
(2) to be made to ascend/descend in a hoi.stway (1), for guidin the car

(2) aldhg giidE B4ild {3y artaigetldiiboth $iliEs of the Hoisfvay @) 9 the'
guiding, deyice camprising @ Rop:roniact ie,ataciuator L11) canfignred 1 ) ,

to generate a magnetic force which keeps the actuator away from
surfacesof quguide taibE3) Dy=predeteridnied;

a non-contact type of actuator (11) configured to
generate a magnetic force which keeps the actuator away
from surfaces of a guide rail (3) by predetermined
distances;

a distance detecting unit (12} configured to
detect a distance between the guide rail (3} and the
car {2);

a unit (22) configured to determine an amount of
displacement of the guide rail {3) which is caused by
a load which generates at time of guiding the car (2},
based on a value of the magnetic force generated by the
actuator (11) and the distance detected by the distance
detecting unit (12);

a unit (2%) configured to acguire present positicn
information regarding the car (2);

a unit (24) configured to calculate an amount of
a warp occurring at time of setting the guide rail (3),
which corresponds to the acquired present position
information; and

a control unit (21) configured to control the

magnetic force generated by the actuator (11) based



10 distances; a distance detecting unit (12) configured to detect a
distance between the guide rail (3) and the car (2); a unit (22) configured
to determine an amount of 15 displacement of the guide rail (3) which is
caused by a load which generates at time of guiding the car (2), based
on a value of the magnetic force generated by the actuator (11) and the
distance detected by the distance detecting“unit (12); 20 a unit (25)
configured to acquire present position information regarding the car (2); a
unit (242?]conf' utrgq to C?Igulat% aghaem%unt of awarp gccurr%ngo t%%% of

setting the guide Fail (3); Whic correspoentdes Igltﬁéagcqﬁf?lelg presen

positioizy-infermation; and a-ernteghsnit(2L)-canfigured-to control the
magnetic force generated by the actuator (11) based 24 on a total value
of the determihed @mouatiditheddisplacemient and the abtount ohid is

warp. 2. A guiding device of an elevator, which is provided at a car (2) to .
be malE 18 H3EEnd/He8céitd in'6'a hiGistita ‘j{%&@ﬁﬁﬁ&ﬂ?f@ﬁﬁ@jmd n

5 along guidg rallg, (3) arranged.on bothsides of.thehaistway (o e guide
guiding devices comprising:
rails {3) arranged on both sides of the hoistway (1},
the guiding devices comprising:
a non-contact type of actuator (11) configured

to generate a magnetic force which keeps the actuator
10 away from surfaces of a guide rail {3) by predetermined
distances;

a distance detecting unit {12) configured to
detect a distance between the guide rail (3) and the
car {(2)

15 an active guilde mechanism (40) which includes
units configured to press respective rollers (41)
against the surfaces of the guide rail (3) by using
elastic forces of elastic members (46}, and
displacement detecting unitis (47} configured to detect
20 displacement of the elastic members;

a unit (22) configured to determine an amount of
displacement of the guide rail which is caused by a
load, based on a value of the magnetic force generated
by the actuator {11}, the distance detected by the
25 distance detecting unit (12), and amounts of the
displacement detected by the displacement detecting

units (47} ;
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a non-contact type of actuator (11) configured to generate a magnetic
force which keeps the actuator 10 away from surfaces of a guide rail (3)
by predetermined distances; a distance detecting unit (12) configured to
detect a distance between the guide rail (3) and the car (2) ; 15 an active
guide mechanism (40) which includes units configured to press
respective rollers (41) against the surface$ éf the guide rail (3) by using
elastic forces of elastic members (46), and displacement detecting units
(47) configured to detect 20 displacement of the elastic members; a unit

(22) configuréd W ddteimink &AM BF dishlacetemtofthg Yefde PRSI T1on

which is.Gaysed.by.a '9@8@ qggoqgevaé%qfof t@g ’magnetic force
generated by the actuator (11), the distance de&ected by the 25 distance

detecting unity(12):and@mpustsafitbe rdisplacement detectediby theount of
displacement detecting units (47); 25 a unit (25) configured to acquire
preserit positoNARfoiMatios ré§ardims thefcat 2} aonit (p2) Configureditd (3)

calculate an,amount of, 8 warp ocauting, at fme of setting the quide .
(3), 5w ich corresporPd%ntothe acquire p?esen?poéllﬁon

informaticn; and

a control unit (21} configured to control the
magnetic force generated by the actuator {11) based
on a total value of the amount of the displacement and
the amount of the warp.

3. The guiding device of the elevator, according
to claim 1, wherein the non-contact type of actuator
(1ll) 1s a magnet which varies an attraction for the
guide rail (3} by using the generated magnetic force
controlied by the control unit {21}, to keep away from
the surfaces of the guide rail (3) at the predetermined
distances.

4. The guiding device of the elevator, according
to claim 2, wherein the non-contact type of actuator
(11} is a magnet which varies an attraction for the
guide rail (3) by using the generated magnetic force
controlled by the control unit (21), to keep away from
the surfaces of the guide rail (3} at the predetermined
distances.

5. The guiding device of the elevator,
acceording to claim 1, wherein the unit (22} configured

to determine the amount of the displacement is
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information; and a control unit (21) configured to control the magnetic
force generated by the actuator (11) based on a total value of the amount
of the displacement and 10 the amount of the warp. 3. The guiding device
of the elevator, according to claim 1, wherein the non-contact type of
actuator (11) is a magnet which varies an attraction for the guide rail (3)
by using the generated magnetic force 15 €6ntrolled by the control unit
(21), to keep away from the surfaces of the guide rail (3) at the

predetermined distances. 4. The guiding device of the elevatar, accordi
o oty BAAREE Te LEr B o St act SioF Db (1) 124 e

whichvaries psv-atyaction fordhe guise raild3):by ysingdhe gensrtede guide
magnetic force controlled by the control unit (21), to keep away from the
surfacesiof tHe guidetraiti{3)iat thepredeteymined Histahcesn258. e at
guiding device of the elevator, according to claim 1, wherein the unit (22)

confightéul td Hetétmife e Bhobihfoftie diglacEmentisPs Hhe value
materigi-sirepgth.adel;of theg 985"(3%@%\9’9{9& caleulates the.amoypt qf 1,

the displacement of the guide rail. (3), which is caused by the load
generatiRg dt stance detected by the distance detecting unit
(i2), and predetermined parameters.

6. The guiding device of the elevator, acccrding
to claim 2, wherein the unit (22) configured to
determine the amount of the displacement is a material-
strength mcdel of the guide rail, which calculates the
amount of the displacement of the guide rail (3}, which
is caused by the load generating at the time of guiding
the car (2), based on the value of the magnetic force
generated by the actuator (11), the distance detected
by the distance detecting unit (12}, and predetermined
parameters.

7. The guiding device of the elevator,
according to claim 1, wherein an acceleration sensor
(8) configured to detect a variation of a speed of
the car (2) with time in a horizontal direction is
provided in a desired position of the car (2), and
the control unit {21} feedback-controls the magnetic
force generated by the actuator (11) based on the
value of the variation detected by the acceleration
senscr (8).

8. The guiding device of the elevator, according
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the time of guiding the car (2), based on the value 5 of the magnetic force
generated by the actuator (11), the distance detected by the distance
detecting unit (12), and predetermined parameters. 6. The guiding device
of the elevator, according to claim 2, wherein the unit (22) configured to
10 determine the amount of the displacement is a material- strength
model of the guide rail, which calculates the 7amount of the displacement
of the guide rail (3), which is caused by the load generating at the time of

guiding the_car (2), based on the value of the magnetic force 15
Generita DS Aotedlor () iSGAER SERER BAETetsbe

detectingunit(123.and predetermined .parameters, 7. The guiding deyige ¢

of the elevator, according to claim 1, wherein an acceleration sensor 20
(8) configured th detect aMariation of acspeed of the car (2) with imevid@ed in
horizontal direction is provided in a desired position of the car (2), and

the coRtraRdrit &) Péedbackicoitroid theciBigneatic fefee deiferaedipypl unit
the actuafor (11) bpsed on the 28.valye of the wariation detected bythe,
acceleration sensor &5 "8 The guiding deVice of the elevator, égccortﬁng
27 to eladm=z; whefein am accelarationsensae(8)aiue of the variation
detected by the acceleration sensor (8).
8. The guiding device of the elevator, according
to claim 1, wherein a load detecting unit (10)
configured to detect a reaction force against the guide
rail (3) is provided under the car (2).

10. The guiding device cof the elevator, according
to claim 2, wherein a load detecting unit (10)
configured to detect a reaction force against the guide
rail {3) is provided under the car (2).

11. The guiding device of the elevator, according
to claim 9, wherein the reaction force detected by the
lcad detecting unit (10) is a combination of a moment
of the car (2) itself and a moment given to the car (2)
by a compensating rope (7) and a tail cord (9), which
is obtained from the position information regarding the
car (2).

12. The guiding device of the elevator, according
to claim 10, wherein the reaction force detected by the
lcad detecting unit (10) is a combination of a moment
of the car {2) itself and a moment given to the car (2)

by a compensating rope (7) and a tail cord (9}, which



configured to detect a variation of a speed of the car (2) with time in a
horizontal direction is provided in a desired position of the car (2), and the
control unit 5 (21) feedback-controls the magnetic force generated by the
actuator (11) based on the value of the variation detected by the
acceleration sensor (8). 9. The guiding device of the elevator, according
to claim 1, wherein a load detecting unit (18$10 configured to detect a
reaction force against the guide rail (3) is provided under the car (2). 10.
The gU|d|n %ewce ge ele or accordin %aim 2, wherein a Io%d h
detecting uni con i@%IPe 0 dé)tect1 a rgactlon ?&aaég st tha gui gd the
15 rail{3) isprpvided under the car (2). 11. The guiding device of the

elevator, according to claim 9, wherein the reaction force detected by the

load detecting unit (10) is a combination of a moment of the car (2) itself

and a moment given to the car (2) 20 by a compensating rope (7) and a

tail cord (9), which is obtained from the position information regarding the

car (2). 12. The guiding device of the elevator, according to claim 10,

wherein the reaction force detected by the 25 load detecting unit (10) is a
combination of a moment of the car (2) itself and a moment given to the

car (2) by a compensating rope (7) and a tail cord (9), which
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28 is obtained from the position information regarding the car (2). 29 AB
S TRACT A device, which is provided at a car, for guiding the car along
guide rails, the device comprises, a non- contact type of actuator (11)
configured to generate 5 a magnetic force which keeps the actuator away
from surfaces of a rail by predetermined distances, a unit (12) configured
to detect a distance between the rail and thé car, a unit (22) configured to
determine an amount of displacement of the rail which is caused by 10 a
load which generates at time of g id?gsbasedﬁng value of the magnetic
force and the distance, a unit (25%0 nflguqu(% a quIrire position

information regalingthe Gar: awinitd24).configused fo galcylate @ qusaing
amount of a warp occurring at time of setting the 1.5 rail, which

correspords torthelinfarmativdeand alunit (2 configuredtorgontoéthe a non-
magnetic force based on a total value of the determined amount of the
displaCéiéAtand HEambuREOfRE Warpt 1) configured to generate

a magnetic force which keeps the actuator away from
surfaces of a rail by predetermined distances, a unit
(12) configured to detect a distance between the rail
and the car, a unit (22) configured to determine an
amount of displacement of the rail which is caused by
a load which generates at time of guiding, based on

a value of the magnetic force and the distance, a unit
(25) configured to acquire position information
regarding the car, a unit (24) configured to calculate
an amount of a warp cccurring at time of setting the
rail, which corresponds to the information, and a unit
(21) configured to control the magnetic force based
on a total value of the determined amocunt of the

displacement and the amcunt of the warp.



